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(54) METHOD AND APPARATUS FOR MANUFACTURE OF LAMINATED OPTICAL DISC 



(57) When forming an adhesive layer (AS) between 
a first substrate (6) and a second substrate (9), and lam- 
inating the first substrate (6) and second substrate (9) to 
produce a disc (OD). temperature (T) and other various 
conditions are adjusted based on the adhesive layer 
thickness ( A D) of the manufactured optical disc, to 
thereby change the viscosity (v) of adhesive (PP) to 

Flg.1 



match each process, and thus high quality discs can be 
consistently manufactured, and the operating efficiency 
of the manufacturing apparatus can be improved. More- 
over, an optical disc free of bubbles mixed in the adhe- 
sive layer (AS) of a laminated optical disc (OD) can be 
stably manufactured. 




LU 



PrtraoO by Xorcn (UK) Business Sorvtcoa 
a. 16.7/3.6 



1 



EP0895 234A1 



2 



Description 

FIELD OF TECHNOLOGY 

[0001 ] The present invention relates to a manufactur- s 
ing method and manufacturing apparatus for an optica! 
disc recording medium comprised of a plurality of lami- 
nated substrates, and relates more particularly to a 
method and apparatus for laminating two substrates. 

10 

BACKGROUND TECHNOLOGY 

[0002] To achieve a higher recording density in an 
optical disc recording medium, it is necessary to 
shorten wavelength of laser used for recording and is 
reproduction while concomitantly increasing a numeric 
aperture (NA) of an objective lens. However, when tilt 
occurs between the disc and the laser beam axis as a 
result of disc rotation or deformation, the focal point of 
the laser becomes off set from the correct position on 20 
the information signal surface of the disc. Primary types 
of tilting include so-called radial tilt, in which the optical 
disc recording medium sags of its own weight in a coni- 
cal manner when the disc is loaded in an optical disc 
drive apparatus, and so-called tangential tilt, in which 
the optical disc recording medium tilts in the circumfer- 
ential direction as a result of the attitude of the optical 
disc drive apparatus itself or the dimensional precision 
of loading the optical disc recording medium in the opti- 
cal disc drive apparatus. 

[0003] It is necessary to make the recording pits larger 
to compensate for an offset in the laser beam focal point 
caused by tilting, and this makes it extremely difficult to 
increase the recording density. The offset in the laser 
beam focal point can be reduced if the thickness of the 
optical disc recording medium substrata is made thin- 
ner. However, because disc rigidity drops if the sub- 
strata of the optical disc recording medium is made 
thinner, even greater tilt easily occurs, and not only is 
the effect of making the substrata thinner impaired, the 
offset in the laser beam focal point becomes even 
greater. 

[0004] Increasing the mechanical strength of an opti- 
cal disc recording medium by laminating two substrates 
together is an extremely effective means for preventing 
tilting of a disc as a result of making the substrates thin- 
ner. The recording capacity of a single optical disc 
recording medium can also be doubled by disposing an 
information signal surface on two sides of the laminated 
substrates. For example, when an optical disc recording 
medium is made by laminating two substrates, it is pos- 
sible to manufacture a single-sided, single-layer disc 
OD1 in which a method signal surface is disposed on 
only one surface of the disc, a single-sided, double-layer 
disc OD2 in which an information signal surface is dis- 
posed in two layers on a single side of the cfisc, or a dou- 
ble-sided, single-layer disc OD3 in which a single 
information signal surface is disposed on opposite sides 



of the disc. An example of a single-sided, single-layer 
disc OD1 is shown in Fig. 13. a single-sided, double- 
layer disc OD2 is shown in Rg. 14, and a double-sided, 
single-layer disc OD3 is shown in Fig. 15. Note that in 
each figure, Ls indicates the recording/reproducing 
laser beam, RS indicates the information recording sur- 
face, AS indicates an adhesive layer, and PL indicates a 
protective layer. 

[0005] In the case of a single-sided, double-layer disc 
OD2 as shown in Rg. 1 4, me laser beam LS2 for record- 
ing and reproducing information recording surface RS1 
in Rg. 1 must pass through the adhesive layer AS. In 
addition, a label layer for displaying a title and other disc 
contents cannot be provided in the case of a double- 
sided, single-layer disc OD3 shown in Fig. 15. 
[0006] Methods for manufacturing an optical disc 
recording medium by laminating a plurality of substrates 
in this manner can be broadly classified in two based on 
the coating method of the adhesive for laminating the 
substrata, i.e., one is a printing method and the other is 
a spin-coating method. First describing the printing 
method below with reference to Fig. 11 and Rg. 12, 
thereafter the spin-coating method is described with ref- 
erence to Rg. 16, Rg. 17, Rg. 18. and Rg. 19. 
[0007] An optical disc recording medium manufactur- 
ing method using the printing method is simply shown in 
Fig. 11 and Rg. 12. Using a thermoplastic resin having 
a high viscosity at room temperature, an adhesive PP is 
uniformly coated through a screen SP onto the entire 
surface of a substrate 6 while moving a spatula 60 in a 
particular direction Ds; and two such substrates are 
then positioned with the thermoplastic resin PP coated 
surfaces thereof in mutual opposition, and heated until 
the thermoplastic resin becomes soft, and then pres- 
sure is applied to press the two substrates together, 
thereby bonding the two substrates to produce an opti- 
cal disc recording medium. 

[0008] However, because the thermoplastic resin is 
non-transparent, it cannot be used in the manufacture of 
a single-sided, double-layer disc OD2. in addition, when 
another substrate is pressed to the thermoplastic resin 
PP coated onto the entire surface of a substrate, a large 
number of bubbles necessarily occur between the resin 
PP and the substrate because of the surface contact 
therebetween, and the substrates are bonded with 
these bubbles trapped in the adhesive layer. Because 
bubbles trapped in this adhesive layer disperse the laser 
beam and interfere with data recording and reproduc- 
ing, the printing method cannot be applied to the manu- 
facture of an optical disc recording medium comprising 
an information recording layer written and read by a 
laser beam passing through an adhesive layer as in a 
single-sided, double-layer disc OD2, even if a transpar- 
ent thermoplastic resin becomes possible in the future. 
[0009] Moreover, because thermopiasticrty is a revers- 
ible reaction, exposure to a temperature exceeding the 
thermoplastic temperature even after substrates are 
laminated and a finished optical disc recording medium 
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is produced may loosen the adhesive layer and the lam- 
inated substrates may warp of their own weight, even 
resulting in the worse case the top and bottom sub- 
strates are displaced or separated. Because the viscos- 
ity of the thermoplastic material is high, adhesive that 
protrudes when the substrates are laminated must be 
mechanically removed. In addition, the thickness distri- 
bution of print layer PP varies between discs in the dia- 
metric direction or in the direction Ds of the spatula 60 
movement as a result of print coating as shown in Fig. 
12. That is, if the distance between substrate 6 and 
screen SP at diametrically opposite edges of substrate 
6 is S1 and S2, the thickness of the adhesive layer on 
substrate 6 will vary in the diametric direction by |D1 - 
D2|. As a result, because the thickness varies in the 
radial direction at the same circumference, quality prob- 
lems arise in discs that are rotated for use. 
[001 0] In one printing method a light-permeable light- 
setting resin is used in place of a thermoplastic resin as 
the adhesive. In this case, a light-setting resin with a 
high viscosity similar to the thermoplastic resin is used 
and printed to the substrates using a method such as 
shown in Fig. 1 1 and Fig. 12. The adhesive surface side 
of the substrate is then exposed to light to slightly set 
the adhesive, and pressure is applied in a manner 
pressing the two substrates together, thereby bonding 
the two substrates and producing an optical disc record- 
ing medium. While a light-permeable resin can be used 
as the adhesive in this method, printing the entire sur- 
face again results in bubbles being sealed in the adhe- 
sive layer when the substrates are put together. That is. 
this method cannot be used for the manufacture of a 
single-sided, double-layer disc OD2. In addition, qualita- 
tive problems in the finished optical disc recording 
medium are involved as a result of variations in adhe- 
sive thickness in the radial direction and at the same cir- 
cumference of the substrate. 

[0011] A manufacturing method for a 6ingle-sided. 
double-layer disc OD2 using a conventional spin coating 
method is described briefly below with reference to Fig. 
16. Fig. 17, Fig. 18, Fig. 19, and Fig. 20. It should be 
noted that the optical disc recording medium OD2 is 
produced by bonding a first substrate 6 and a second 
substrate 9, which are pre-manufactured using a poly- 
carbonate or other transparent resin by means of an 
injection molding or other method. A first information 
recording surface RS1 is disposed on one side of the 
first substrate 6. and a reflection film is formed on the 
information recording surface RS1 by such means as 
sputtering or vacuum vapor deposition. Aluminum is pri- 
marily used for this reflection film. A second information 
recording surface RS2 and reflection film are likewise 
formed on one side of the second substrate 9. The sub- 
strate 6 and substrate 9 thus prepared are then lami- 
nated by the below procedure to complete an optical 
disc recording medium OD2. 

[001 2] The work conditions are first set in step #1 OOP. 
These work conditions primarily include the number of 



rotations N of the substrate when light-setting resin PP 
is dropped on the substrate; weight V(g) of the light-set- 
ting resin PP dropped on the substrate; weight per sec- 
ond v of the light-setting resin PP dropped on the 

s substrate; rotational speed ri (rpm) of the substrate 
when the light-setting resin PP is dropped on the sub- 
strate; viscosity v (cps) of the light-setting resin PP; 
rotational speed r2 (rpm) of the substrate when the 
tight-setting resin PP is spread; and rotation time t (sec) 

,o of the disc when the light-setting resin PP is spread. The 
intent of these conditions is explained in the following 
steps After setting these corafitions to specific values, 
the flow continues to the next step #300. 
[0013] In the next step #300, as shown in Fig. 16, 

is while the first substrate 6 is spun N times at a low speed 
rotational speed ri, a light-setting resin PP of Vg used 
as the adhesive of the laminated substrates is coated in 
a dortut-shaped pattern concentrically to center hole H 
of the substrate 6 on the side opposite the recording 

20 surface RS1 thereof. The task performed in this step is 
called the "adhesive coating process". The procedure 
then continues to step #400. 

[0014] In step #400. as shown in Fig. 1 7, the substrate 
9 is placed on the substrate 6 with its information 
26 recording surface RS2 facing the light-setting resin PP. 
The task performed in this step is called the "substrate 
matching process". The procedure then continues to 
step #500P. 

[0015] In step #500P as shown in Rg. 18, the sub- 
so strate 6 and substrate 9 are rotated as one body for time 
t at a high speed rotational speed r2 to spread the light* 
setting resin PP between the substrate 6 and the sub- 
strate 9 by means of a centrifugal force. The procedure 
then continues to step #700P. This process is called 
35 adhesive spreading, ft should be noted that any unused 
light-setting resin PP overt towing from the substrates in 
this process and in the light-setting resin PP coating 
process shown in Fig. 16 is recovered, filtered to 
remove any contaminants, processed to remove any 
40 introduced bubbles, and then reused. 

[0016] In step #700P, as shown in Fig. 19, ultraviolet 
light is emitted through the second substrate 9 toward 
the light-setting resin RS1 on the f irst substrate 6. curing 
the light-setting resin PP, and fixing the two substrates 6 
45 and 9 integrally laminated. This process is called "bond- 
ing". Lamination and production of the optical disc 
recording medium is thus completed. 
[0017] It should be noted, however, that even when 
the work conditions are set in step #100R the optimum 
so conditions are continuously changing as a result of fac- 
tors such as changes in ambient temperature and dete- 
rioration of the recovered light-setting resin PR In 
addition, the amount of light-setting resin PP dropped to 
the inside circumference part of substrate 6 changes as 
55 a result of slight variations in the drop position and vol- 
ume of the light-setting resin PR and the temperature of 
the coating environment. Therefore, even if the light-set- 
ting resin PP spreads evenly through the inside circum- 
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ference part of the disc, the inside circumference edge 
of the light-setting resin PP layer varies relative to the 
substrate 6, and good quality cannot be consistently 
achieved because of varied thickness in the fight-setting 
resin PP layer. 

[001 8] In addition, if the viscosity of the dropped light- 
setting resin PP is low in the light-setting resin PP drop- 
ping step #300, reaction to movement during transpor- 
tation of the substrate 6 to the next spreading process 
after resin dropping produces a force that ads on the 
dropped light-setting resin PP, and causes the light-set- 
ting resin PP to spread on the substrate 6 and overflow. 
Because of this spreading of the light-setting resin PP in 
the transportation direction, variations in the thickness 
of the light-setting resin PP occur both drcumferentjaily 
and radially in the transportation direction of the disc, 
and it becomes difficult to make the light-setting resin 
PP extend uniformly through the inside circumference 
part of the disc. 

[001 9] If the light-setting resin PP is thus unevenly dis- 
tributed and drips from the disc, the substrate 9 cannot 
be superposed to substrate 6 with linear contact 
between the substrate 9 and the light-setting resin PP. 
and the contact area expands. Imposing the substrate 9 
on an unevenly distributed light-setting resin PP can 
easily trap air bubbles between the light-setting resin PP 
and the substrate 9. Air bubbles remaining in the adhe- 
sive layer when the light-setting resin PP is cured cause 
the laser beam to disperse, and prevent the laser beam 
from being normally emitted to and reflected from the 
information recording surface. As a result, air bubbles 
are fatal flaw in a single-sided, double-layer disc 
wherein information is recorded and reproduced to the 
recording surface RS1 of a bottom substrate 6 through 
an adhesive layer. 

[0020] in addition, even rf bubbles can be removed 
before curing, that is. when spreading, the light-setting 
resin PP, variations in the thickness of the light-setting 
resin PP in the circumferential and transportation direc- 
tions significantly impair disc recording and read/write 
precision. This is because the laser is emitted to a data 
track disposed winding circumferentially to the disc dur- 
ing disc recording and reproducing, and the emission 
angle of the laser to the track fluctuates irregularly in 
conjunction with disc rotation. 

[0021] In addition, when the light-setting resin PP is 
coated and spread with the spin coating method, the 
thickness of the light-setting resin PP at the inside cir- 
cumference of the disc tends to become thinner than at 
the center of the disc. Therefore, to reduce deviations in 
the light-setting resin PP thickness, it is necessary to 
drop the light-setting resin PP as much as possible to 
the inside circumference side of the substrate 6 so that 
the light-setting resin PP layer becomes thicker at the 
inside circumference part of the disc after spreading. 
However, if the viscosity of the light-setting resin PP is 
low, the light-setting resin PP will spread on the sub- 
strate even if the light-setting resin PP is dropped as 
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much as possfote at the inside circumference of the 
disc, and the light-setting resin PP will protrude from a 
center hole H of the substrate. Curing the light-setting 
resin PP in this condition will result in degraded round- 

5 ness of the center hole H as a result of the light-setting 
resin PP protruding from the center hole, and will be a 
factor in disc eccentricity- However, when the thickness 
of the light-setting resin PP varies in the radial direction 
of the disc, the light-setting resin PP layer thickness is 

ro held uniform in the circumferential direction, and the 
laser emission angle and aperture on the signal surface 
are held constant within a single data track revolution 
unit, and the recording and reading precision can be 
compensated. 

is [0022] It is therefore necessary to increase the viscos- 
ity of the light-setting resin PP in order to prevent bub- 
bles from entering the light-setting resin layer, make the 
light-setting resin PP reach evenly throughout the inside 
circumference part of the disc, and reduce variations in 

20 middle layer thickness. However, as the viscosity of the 
light-setting resin PP increases, the time required for fil- 
tering and defoaming the recovered light-setting resin 
PP increases, and the operating efficiency of the appa- 
ratus is deteriorated. 

25 [0023] When the disc is transported after spreading 
the light-setting resin, a load is applied to the uncured 
light-setting resin layer during transportation, and disc 
appearance can become worse as a result of bubbles 
getting into the uncured light-setting resin layer at the 

30 inside circumference part of the disc. 

[0024] There has also not been a simple, effective 
method for suppressing the offset between the centers 
of the two laminated substrates to a degree of several 
ten micrometers with good precision. 

35 (0025] Therefore, an object of the present invention is 
to provide a method and apparatus for laminating pro- 
duction of an optical disc recording medium that is free 
of the above-described deficiencies of conventional 
optical disc lamination production methods, free of bub- 

40 . bles in the adhesive layer and resultant obstruction of 
laser passage, and whereby variations in adhesive layer 
thickness in the radial and circumferential directions of 
the optical disc recording medium are suppressed and 
dimensional precision is assured. 

45 [0026] In addition, an object of the present invention is 
to provide a method and apparatus whereby manufac- 
turing process quality is evaluated based on the preci- 
sion of the adhesive layer of the manufactured optical 
disc recording medium, and then the manufacturing 

so conditions are automatically corrected based on the 
result of the evaluation, and when the manufacturing 
process quality exceeds the correction capacity, an 
abnormal state is determined and production is inter- 
rupted. 

55 

DISCLOSURE OF THE INVENTION 

[0027] A laminated optical disc manufacturing appara- 
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tus for manufacturing an optical disc by laminating at 
least a first substrate and a second substrate, said 
apparatus comprises: adhesive coating means for coat- 
ing an adhesive between said first and second sub- 
strates and forming an adhesive layer having a specific 
thickness; a layer thickness difference detection means 
for obtaining a layer thickness difference between the 
specified adhesive layer thickness and a target adhe- 
sive layer thickness; and a control means for controlling 
said adhesive coating means based on the layer thick- 
ness difference. 



(nation after adhesive coating based on a spin coat- 
ing technique; 

Rg. 18 is an explanatory diagram of an adhesive 

spreading method based on a spin coating tech- 
5 rtique; 

Rg. 19 is an explanatory diagram of a substrate 

bonding method after adhesive spreading based on 

a spin coating technique; and 

Rg, 20 is a flow chart showing a conventional opti- 
10 cal disc laminating method based on a spin coating 

technique. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0028] 

Rg. 1 is a block diagram showing a configuration of 
an optical disc lamination manufacturing apparatus 
according to the present invention; 
Rg. 2 is a flow chart showing an operation of the 
optical disc lamination manufacturing apparatus 
shown in Fig. 1 ; 

Fig. 3 is an explanatory diagram of an adhesive 

coating method shown in Fig. 2; 

Rg. 4 is an explanatory diagram of an adhesive 

spreading method shown in Rg. 2; 

Fig. 5 is a block diagram of an alternative version of 

an optical disc lamination manufacturing apparatus 

shown in Fig. 1; 

Rg. 6 is an explanatory diagram of an adhesive 
supply source in a pre-bonding process part shown 
in Rg. 5; 

Fig. 7 is an explanatory diagram of a substrate 
processing part of the pre-bonding process part 
shown in Rg. 5; 

Rg. 8 is a typical illustration showing the substrate 
inner circumference suction mechanism used in the 
spreading part shown in Fig. 7; 
Rg. 9 is a plan view showing a typical substrate 
centering mechanism used in a temporary holding 
part shown in Fig. 7; 

Fig. 10 is an explanatory diagram of centering the 
superposed two substrates by means of the sub- 
strate centering mechanism shown in Fig. 9; 
Rg. 11 is an explanatory diagram of an adhesive 
coating method based on a printing technique; 
Rg. 12 is an explanatory diagram of adhesive distri- 
bution on a substrate by means of a printing tech- 
nique; 

Rg. 13 is a typical illustration showing the structure 

of a single-sided, single-layer disc; 

Rg. 14 is a typical illustration showing the structure 

of a single-sided, double-layer disc; 

Fig. 15 is a typical illustration showing the structure 

of a double-sided, single-layer disc; 

Fig. 16 is an explanatory diagram of an adhesive 

coating method based on a spin coating technique; 

Rg. 17 is an explanatory diagram of substrate lam- 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

15 

[0029] The present invention is described in detail 
below with reference to the accompanying drawings. 
Rg. 1 shows a typical configuration of an optical disc 
lamination manufacturing apparatus according to the 

20 present invention. The optical disc lamination manufac- 
turing apparatus ODB comprises a coating device 300. 
laminating device 400. spreading device 500, tempo- 
rary holding device 600, bonding device 700, measuring 
device 800, quality evaluation device 900. abnormal sig- 

25 nal generator 1000, correction signal generator 1100. 
recovery tank 11. fitter 12, defoaming tank 13, dropping 
tank 2, and controller 2000. The dropping tank 2, recov- 
ery tank 11 , filter 12, and defoaming tank 13 constitute 
an adhesive supply source 100. The dropping tank 2 

30 stores a light-setting resin PP at a specific temperature 
T, and thereby keeps the adhesive at a specific viscosity 
v . It should be noted that a light-setting resin that is nor- 
mally a gel but hardens when exposed to ultraviolet rays 
is described as the adhesive of the present invention, 

35 and especially as the adhesive of the present embodi- 
ment, but other light-setting resins or other adhesives 
so long as the same effect is achieved by exposure to 
gamma radiation or other radiation, can be used. Res- 
ins of which the primary constituents are acrylate oli- 

40 gomers and acrylate monomers can be used as a UV- 
cure resin. 

[0030] The controller 2000 sets the work parameters 
of the various component devices of tine optical disc 
lamination manufacturing apparatus ODB, to control the 

45 operation of the components and control the overall 
operation of the optical disc lamination manufacturing 
apparatus ODB. Included in these parameters are: 
number of rotations N of the substrate when light-setting 
resin PP is dropped on the substrate; weight V(g) of the 

so light-setting resin PP dropped on the substrate; weight 
per second v of the light-setting resin PP dropped on the 
substrate; rotational speed n (rpm) of the substrate 
when the light-setting resin PP is dropped on the sub- 
strate; viscosity v (ops) of the light-setting resin PP; 

55 rotational speed r2 (rpm) of the substrate when the 
light-setting resin PP is spread; rotation time t (sec) of 
the substrate when the light-setting resin PP is spread; 
and suction pressure P (mmHg) suctioning the light-set- 
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ting resin PP to the inside circumference part during 
resin spreading. 

[0031] The first substrate 6 and second substrate 9 
prepared in a previous process are supplied to the coat- 
ing device 300. It should be noted that the first substrate s 
6 is supplied with the information recording surface RS1 
onto the upper side thereof, that is. with the protective 
layer onto the tower side thereof. The second substrate 
9, on the other hand, is normally provided with the infor- 
mation recording surface RS2 set onto the lower side 
thereof, that is. with the protective layer set onto the 
upper side thereof. White the first substrate 6 is rotated 
a specific N number of times at a specific low rotational 
speed n , a specific weight Vg of the light-setting resin 
PP used as the adhesive of the substrates to be lami- 
nated is dropped from a dropping nozzle 2n of the drop- 
ping tank 2 such that the light-setting resin PP is coated 
to form an annular mound concentrically to the center 
hole H of the substrate 6. It should be noted that the 
formed light-setting resin PP has a ridge peak shaped, 
that is. a curved surface with a tapered peak in vertical 
cross section. The second substrate 9, and the first sub- 
strate 6 coated with light-setting resin PP, are then sup- 
plied to the laminating device 400 by a transportation 
means (not shown in the figure). 
[0032] With the protective layer PL2 of the second 
substrate 9 facing down, the laminating apparatus 400 
aligns the second substrate 9 parallel with the top of the 
first substrate 6. At this time, the protective layer PL2 of 
the second substrate 9 makes linear contact with the 
peak of the annular mound CA of the light-setting resin 
PP, which has a conical cross section formed on the first 
substrate 6, and the second substrate 9 is then pressed 
a specific amount to the first substrate 6. As a result, the 
annular mound CA spreads in contact with the protec- 
tive layer PL2 of the second substrate 9 and the protec- 
tive layer PL1 of the first substrate 6, thereby making 
surface contact therewith, and making it possible to pre- 
vent the introduction of bubbles between the light-set- 
ting resin PP and the protective layers PL1 and PL2. 
The first substrate 6 and second substrate 9 thus com- 
bined in lamination are then supplied to a spreading 
device 500 by a transportation means (not shown in the 
figure). 

[0033] The spreading device 500 spins the mated first 
substrate 6 and second substrate 9 together for a spe- 
cific time t at a specific high speed rotational speed r2, 
and spreads the light-setting resin PP between the sub- 
strate 6 and the substrate 9 by means of centrifugal 
force. Note that at this time the light-setting resin PP is 
suctioned from the inside circumference by a specific 
suction pressure P (mmHg) so that the light-setting 
resin PP at the inside circumference side moves to the 
inside circumference area and there is not a deficiency 
of light-setting resin PP at the inside circumference. 
Note, further, that this inside circumference suction is 
described below with reference to Rg. 8. The spread, 
laminated substrates 6 and 9 are then supplied to the 



temporary holding device 600 by a transportation 
means (not shown in the figure). It should be noted that 
unused light-setting resin PP overflowing from the sub- 
strates in the coating device 300. laminating device 400, 
and spreading device 500 is recovered to the recovery 
tank 1 1 of adhesive supply source 100, and foreign mat- 
ter is removed by filter 12, intermixed bubbles are 
removed by defoaming tank 13. and the recovered light- 
setting resin PP is stored at a specific temperature T in 
the dropping tank 2 for viscosity control. This adhesive 
supply source 100 is described later below with refer- 
ence to Fig. 6. 

[0034] After the temporary holding device 600 provi- 
sionally secures the spread substrates 6 and 9 by irradi- 
ating parts thereof with ultraviolet rays to harden the 
adhesive layer AS in parts, the substrates are supplied 
to the bonding device 700 by a transportation means 
(not shown in the figure). Note that the temporary hold- 
ing device 600 is described later below with reference to 
Fig. 10. 

[0035] The bonding device 700 irradiates the provi- 
sionally secured substrates 6 and 9 with ultraviolet rays 
to harden the light-setting resin PP and fix the two sub- 
strates 6 and 9 as a single piece, thereby completing 
the optical disc recording medium OD. This optical disc 
recording medium OD is then supplied to the measuring 
device 800 by a transportation means (not shown in the 
figure). 

[0036] The measuring device 800 measures the thick- 
ness D of the adhesive layer of the optical disc record- 
ing medium OD, and outputs the measurement result to 
the quality evaluation device 900. 
[0037] The quality evaluation device 900 determines 
whether the measured adhesive layer thickness D is 
within a tolerance range, that is. whether Dmin £ D <, 
Dmax. If the adhesive layer thickness D is not within the 
tolerance range, the measurement result is output to the 
abnormal signal generator 1000; rf the adhesive layer 
thickness D is within the tolerance range, the measure- 
ment result is output to the correction signal generator 
1100. 

[0038] The error signal generator 1000 receives out- 
put from the quality evaluation apparatus 900, and gen- 
erates an abnormal signal Sm, and outputs to the 
controller 2000. 

[0039] The correction signal generator 1 1 00 takes the 
output from the quality evaluation apparatus 900, and 
generates a correction signal for correcting the various 
work condition parameters N, V. v. r1 . v . r2. t. and P, and 
outputs to the adhesive supply source 100, coating 
device 300, and spreading device 500. In this way, the 
quality evaluation device 900. abnormal signal genera- 
tor 1000. and correction signal generator 1100 consti- 
tute an assurance means 3000 for assuring the 
thickness of the adhesive layer AS of the produced opti- 
cal disc recording medium, and correction operation of 
the optical disc lamination manufacturing apparatus 
ODB. 
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[0040] tn order to contra! overall the operation of the 
optica) disc lamination manufacturing apparatus ODB, 
the controller 2000 exchanges various signals with the 
optical disc lamination manufacturing apparatus ODB, 
and, in response to the abnormal signal Sd from the 5 
bonding device 700, the controller stops operation of 
the optical disc lamination manufacturing apparatus 
ODB or controls separation and removal of an optical 
disc recording medium OD in which the adhesive layer 
thickness D is abnormal. 10 
[0041] The operation of the optical disc lamination 
manufacturing apparatus ODB is described next with 
reference to the flow chart in Fig. 2. 
[0042] When optical disc lamination manufacturing 
starts at step #1 00, the above-described work parame- is 
ters N, V, v, r1, v , r2, t, and P are set Note that the sig- 
nificance of these conditions is described individually in 
the steps below. 

[0043] Firstly, the parameters are initialized to specific 
values. Included in these parameters are: the number of 20 
rotations N of the substrate when light-setting resin PP 
is dropped on the substrate; weight V(g) of the light-set- 
ting resin PP dropped on the substrate; weight per sec- 
ond v of the light-setting resin PP dropped on the 
substrate; rotational speed r1 (rpm) of the substrate 25 
when the light-setting resin PP is dropped on the sub- 
strate; viscosity v (cps) of the light-setting resin PP; 
rotational speed r2 (rpm) of the substrate when the 
light-setting resin PP is spread; rotation time t (sec) of 
the substrate when the light-setting resin PP is spread; 30 
and suction force P (mmHg) suctioning the light-setting 
resin PP to the inside circumference part during the 
spreading process. Note that the significance of these 
conditions is described individually in the steps below. 
After setting these various conditions to specific values, 35 
the procedure advances to the next step #200. 
[0044] In response to the correction signal Sc from the 
adhesive supply source 100, the work parameters N, V, 
v, r1 , v, r2, t and P are updated, respectively, to N\ V, 
v\ r1 ', v', r2\ t\ and P\ The method of calculating these 40 
updated parameters is described with regard to step 
#1 1 00. It will be obvious that because the correction sig- 
nal Sc has not been generated immediately after the 
startup of the optical disc lamination manufacturing 
apparatus ODB. the procedure advances to the next 45 
step #300 without the work parameters being updated. 
[0045] In step #300, as shown in Fig. 3, while the first 
substrate 6 is rotated a specific N number of times at a 
specific low rotational speed rl . a specific weight Vg of 
the light-setting resin PP used as the adhesive of the so 
substrates to be laminated is dropped from the tip 1 7 of 
a dropping nozzle 2n of the dropping tank 2 (Fig. 1) 
such that the light-setting resin PP is coated to form an 
annular peak concentrically to the center hole H of the 
substrate 6. Note that the relationship between work ss 
parameters during coating can be expressed by the fol- 
lowing equation 1 . 



N = a • r1 • V/S0 * v (1) 

[0046] Note that exemplary values used in the present 
embodiment are V = 3.3 g, v = 1.65 g, n = 60 rpm, and 
coefficient a =» 1 , the resultant N = 2 is obtained. That is, 
by rotating the first substrate 6 twice between the begin- 
ning and end of dropping the light-setting resin PP, an 
annular mound CA of a specific shape can be formed. 
After annular mound CA is thus formed, the procedure 
advances to the next step #400. 
[0047] In step #400, the two substrates 6 and 9 are 
superposed as described above so that bubbles do not 
become intermixed between the annular mound CA of 
light-setting resin PP and the protective layers PL1 and 
PL2. The procedure then advances to the next step 
#500. 

[0048] in step #500, the substrates 6 and 9 super- 
posed as one body with annular mound CA disposed 
therebetween are spun at high speed for a specrf tc time 
t at a specific rotational speed r2 to spread the light-set- 
ting resin PP while suctioning the light-setting resin PP 
from the inside circumference side with a specific suc- 
tion force P. and the procedure then advances to the 
next step #600. Note that the relationship between the 
work parameters during spreading can be expressed by 
the following equation 2 and equation 3. 

D - al • P • V • vA2 • t (2) 

where a1 is a coefficient. 

v = a2/T (3) 

where a2 is a coefficient and T is absolute temperature 
in degrees Kelvin. 

[0049] If a coefficient a is defined as a = al • a2 , 
then the next equation 4 can be derived from equation 

1. 

D = a • P • V/r2 • t • T (4) 

[0050] A ridge CA of coated adhesive, and the condi- 
tion of the adhesive layer AS formed by spreading the 
same ridge CA between substrate 6 and substrate 9, 
are shown together in Fig. 4. 

[0051] In step #600, ultraviolet ray is irradiated to the 
spread substrates 6 and 9 to provisionally secure the 
substrates, and the procedure advances to the next 
step #700. The provisionally securing device 600 wilt be 
described later with reference to Fig. 10. 
[0052] (n step #700, the provisionally secured sub- 
strates 6 and 9 are irradiated with ultraviolet rays to 
harden the light-setting resin PP and fix the two sub- 
strates 6 and 9 as a single piece, thereby completing 
the optical disc recording medium OD. The procedure 
then advances to the next step #800. 
[0053] Using a laser focus displacement sensor, the 
thickness Da of adhesive layer AS is measured in step 
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#800, and an adhesive layer thickness signal Sd indica- 
tive of the measurement result is generated. Then, the 
procedure advances to the next step #900. 
[0054] In step #900, it is determined whether the 
measured adhesive layer thickness D is within a toler- 
ance range, that is, whether Dmin iDas Dmax. If the 
adhesive layer thickness D is not within the tolerance 
range, it is conceivable that there is a problem with the 
optical disc lamination manufacturing apparatus ODB, 
and a NO is therefore returned, and the procedure 
advances to the next step #1000. 
[0055] An abnormal signal Sm indicative of a problem 
in the optical disc lamination manufacturing apparatus 
ODB is generated in step #1000, and processing is 
ended. 

[0056] On the other hand, if in step #900 a YES is 
returned, that is, if the adhesive layer thickness D is 
within the tolerance range, the procedure advances to 
step #1100. 

[0057] The difference A D between a reference layer 
thickness D and Da is obtained in step #1100. Using 
this difference A D and the above equations 2, 3. and 4. 
obtaining the parameters N\ V, v\ r1 \ v\ r2\ V and P for 
approaching the actual adhesive layer Da of the optical 
disc recording medium OD to the reference thickness D, 
and the correction signal Sc is generated, and the pro- 
cedure returns to step #200. It should be noted that 
while corrected values are here obtained for all of the 
parameters, it will be obvious that the procedure can be 
designed to obtain corrected values for only specific 
parameters. For example. H is possible to first correct 
rotational speeds r1 and r2, and then correct tempera- 
ture T as necessary, and then adjust the viscosity v of 
the light-setting resin PP. In general, the corrected 
results are immediately reflected in the adhesive layer 
thickness D when correction signal Sc correcting the 
rotational speeds r1 and r2 and time t is output. How- 
ever, because time is required for the light-setting resin 
PP in the tank to reach in indicated temperature even 
when a correction signal Sc correcting temperature T is 
output, and time is also required for the light-setting 
resin PP to reach a desired viscosity, rt takes time to 
confirm the corresponding correction results. That is, 
the correction parameters include both fast action 
parameters, of which rotational speed r is typical, and 
delayed action parameters, of which temperature T is 
typical. By correcting these fast action parameters and 
delayed action parameters individually, in combination, 
or in mutual conjunction, the precision of the adhesive 
layer thickness D can be assured. 
[0058] In step #200, as described above, the value of 
each corresponding parameter is updated using the 
corrected value generated in step #1100, and lamina- 
tion manufacturing of the optical disc recording medium 
OD is continued. The process from step #200 to step 
#1100 continues insofar as an abnormal in the optical 
disc lamination manufacturing apparatus ODB is not 
detected. By continuously monitoring the change in 



work conditions based on the adhesive layer thickness 
in the actually manufactured optical disc recording 
medium OD, and using feedback control to correct the 
monitored work conditions, changes in the work condi- 

5 tions can be corrected, and consistent quality optical 
disc recording medium OD can be manufactured under 
always-optimum work conditions. 
[0059] It should be noted that, while not shown as a 
specific step in the process, unused light-setting resin 

w PP overflowing from the substrates in the adhesive 
coating step #300. the superposing step #400, and the 
spreading step #500 during operation of the optical disc 
lamination manufacturing apparatus ODB is recovered 
to the recovery tank 11 of the adhesive supply source 

is 100. foreign matter is removed by filter 12. intermixed 
bubbles are removed by defoamirtg tank 13, and the 
recovered light-setting resin PP is stored at a specific 
temperature T in the dropping tank 2 for effecting the 
viscosity control. 

20 [0060] A specific configuration of an optical disc lami- 
nation manufacturing apparatus ODB based on the 
present embodiment shown in Rg. 1 is described next 
below with reference to Fig. 5, Fig. 6, Fig. 7, Fig. 8, Fig. 
9, and Fig. 10. Fig. 5 is a plan view showing a typical 

25 arrangement of the various process implementation 
sections for holding, transporting, processing, and 
measuring substrates in a lamination optical disc manu- 
facturing apparatus. An optical disc lamination manu- 
facturing apparatus ODB comprises a primary 

so laminating unit 33 for implementing the above process 
from adhesive coating (step #300) to provisional bond- 
ing (step #600); a bonding unit 34 for irradiating the 
entire adhesive layer of the provisionally fixed sub- 
strates with ultraviolet ray to cure the adhesive and com- 

35 plete the optical disc recording medium OD (step #700) ; 
a tilt inspection unit 35 for detecting the tilt of the fin- 
ished optical disc recording medium OD; a disc flaw 
inspection unit 36 for confirming the presence of flaws 
other than tilt in the optical disc recording medium OD; 

40 an adhesive layer thickness inspection unit 37 for meas- 
uring the adhesive layer thickness D of the optical disc 
recording medium OD, evaluating the quality of the opti- 
cal disc recording medium, and generating as needed a 
work parameter correction signal Sc or abnormal signal 

45 Sm (steps #800, #900, #1000, #1100); finished disc 
recovery unit 38; and controller 2000 for controlling the 
overall operation of the optical disc lamination manufac- 
turing apparatus ODB. 

[0061 ] The configuration of primary laminating unit 33 
so is described next with reference to Rg. 6, Fig. 7, Fig. 8. 
and Fig. 9. Rg. 6 shows a typical configuration of the 
adhesive supply source 100 for recovering and filtering 
adhesive from the primary laminating unit 33. and then 
viscosity controlling the recovered adhesive together 
ss with fresh adhesive for supply to the primary laminating 
unit 33. Shown in the figure are a UV-cure resin PP 1 , 
dropping tank 2 for holding the resin to be dropped, tube 
3, circulator 4 (exemplary of which is Circulator FC-301 
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manufactured by e.g. luchi Co.. Lid.), turntable 5. bot- 
tom substrate 6. dispenser 7, turntable 8. top substrate 
9, cup 10, recovery tank 1 1 . 1 Dter 1 2, defoamirtg tank 13. 
and heater 14. 

[0062] The viscosity v of UV-cure resin PP (hereafter 
called "resin PP") is adjusted by adjusting the resin tem- 
perature to a specific temperature T by means of the cir- 
culator 4 while the resin passes through the dropping 
tank 2 and tube 3 (to a viscosity u of 100 to 10,000 cps, 
and more preferably to 300 to 1000 cps, by adjusting to 
a temperature below room temperature, for example), 
and the resin is then dropped in a donut shape by 
means of the dispenser 7 onto the lower substrate 6, 
which is placed on the turntable 5. For example, if the 
diameter of the substrate is 120 mm, the resin is 
dropped to form a donut-shaped annular mound CA at a 
radial position of 15 to 50 mm, and more preferably at a 
radial position of 25 to 35 mm. The tower substrate 6 is 
transported to the turntable 8, but because the viscosity 
v of the resin PP is several hundred cps or greater, the 
distribution of the dropped resin is not disturbed by rapid 
acceleration of the substrate when transported. 
[0063] Next the upper substrate 9 is superposed to 
the lower substrate 6 such that the lamination surfaces 
thereof are mutually opposed. The turntable 8 is spun at 
a high speed of 10 to 10,000 rpm. and more preferably 
at 3000 to 4000 rpm, until resin layer AS is between 40 
to 70 mm thick, after spinning for the time required for 
dispersion of the resin PP between the lower substrate 
6 and the upper substrate 9. and the spreading process 
(step #500) ends, 

[0064] It should be noted that the preferable rotational 
speed r2 and rotation time t varies according to the vis- 
cosity of resin PP and other conditions. For example, if 
the viscosity v of resin PP is 700 cps, the rotational 
speed when the rotation time is 5 seconds is preferably 
3000 to 3500 rpm. 

[0065] Resin PP expelled from the outside circumfer- 
ence of the substrate during spreading is recovered by 
the cup 10 and collected in the recovery tank 11. The 
resin PP in the filter 1 2 or defoaming tank 13 is adjusted 
to a low viscosity v by adjusting the temperature thereof 
by means of the heater 14. The resin PP is pressure fed 
from the recovery tank 11 to the filter 12 for filtering. 
After defoaming for a specific period in the defoaming 
tank 13, the resin is sent to the dropping tank 2 and 
reused for dropping onto the lower substrate 6. By 
warming the resin PP above room temperature, the vis- 
cosity v is adjusted to a viscosity of 10 to 1000 cps, that 
is, to below the room temperature viscosity, and more 
preferably to 50 to 300 cps, and the time required for the 
filtering and defoaming processes can be shortened 
than that required at room temperature. That is, if the 
specific temperatures of the filtering and defoaming 
processes are T1 and T2. respectively, the dropping 
temperature T is below T1 and T2, and T1 and T2 can 
be the same temperature. 

[0066] It should be noted that the same effect can be 



achieved by adjusting the temperature of the environ- 
ment surrounding the turntable 5 and turntable 8 using 
an air conditioner in place of the circulator 4. Disturbing 
the distribution of resin dropped onto the substrate 
5 caused by transportation of the substrate can also be 
reduced by using the same turntable in common for the 
turntable 5 and turntable 8. 

[0087] Fig. 7 is a typical illustration showing in brief the 
primary laminating unit 33 used for lamination. The pri- 

w mary laminating unit 33 comprises a substrate supply 
unit 15, a static elimination blower 16, substrate supply 
arm 17, a pre-process table 18. a deburring and static 
elimination processing unit 19, an adhesive dropping 
unit 20, a substrate reversing unit 21. a turntable 23, 

is boss 24, transportation arm 25, a UV irradiator 26 for 
temporary fastening, a pallet 27, and a boss 30. Also 
provided are a lower straightening plate 28 and an 
upper straightening plate 29 for clamping the substrates 
from above and below to correct substrate warping. 

20 Note that a disc body 22 having an upper substrate 9 
and lower substrate 6 integrally superposed with resin 
layer AS therebetween is placed on the turntable 8. 
[0068] The substrates to be laminated are supplied to 
the substrate supply unit 15 using separate stacking 

25 poles for the lower substrate 6 and upper substrate 9. 
With the substrates on the stacking poles, air is blown 
over the substrates from the edge faces thereof using 
the static elimination blower 16 to remove foreign matter 
on the substrate surfaces and to separate individual 

30 substrates so that they do not stick when removing the 
stacked substrates. The lower substrate 6 and upper 
substrate 9 are taken out from the stacking pole using 
the substrate supply arm 17, and are supplied to the 
pre-process table 18. 

35 [0069] The inside circumference portions of the lami- 
nated substrate surfaces are compressed by a press in 
the burr-removal and static elimination processing unit 
1 9 to remove any burrs that occurred during molding on 
the lamination surfaces of the lower substrate 6 and the 

40 upper substrate 9, and the substrate surfaces are then 
sprayed with stream of air while rotating the substrates 
to clean the lamination surfaces of the substrates. Dust 
is vented from a dust removal port to maintain a speci- 
fied degree of cleanness inside the chamber of the burr- 

45 removal and static elimination processing unit 1 9. 

[0070] The lower substrate 6 is placed on the turntable 
of the resin dropping unit 20 with the lamination surface 
up, and UV-cure resin PP (hereafter called "resin PP") is 
dropped in a donut shape on the lamination surface by 

so the dispenser 7 (Fig. 6). For example, for a 120 mm 
diameter disc, the resin is dropped in a donut shape at 
a radial position of 15 to 50 mm. and more preferably at 
a radial position of 25 to 35 mm. The upper substrate 9 
is reversed by the substrate reversing unit 21 top and 

55 bottom so that the lamination surface is facing down. 
Next, the lower substrate 6 is moved from the pre-proc- 
ess table 18 to the turntable 8, and the upper substrate 
9 is then superposed to the lower substrate 6 with the 
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lamination surfaces thereof mated, and dispersion of 
the resin PP between the tower substrate 6 and the 
upper substrate 9 is then awaited. By maintaining a con- 
stant gap between the lower substrate 6 and the upper 
substrate 9 at this time, dispersion can be quickly 
accomplished. 

[0071] After the dropped resin PP has spread to a 
position in a distance of 0 to 10 mm to the outside cir- 
cumference side, and more preferably to a position in a 
distance of 0 to 2 mm to the outside circumference side, 
from the target position at the innermost circumference 
of the finished disc, the turntable 8 is then rotated at a 
high speed where r2 is 10 to 10.000 rpm. and r2 is more 
preferably from 3000 to 4000 rpm. until the resin layer 
AS thickness is in a degree of 40 to 70 jam, to thereby 
manufacture the disc 22. It should be noted that the 
desirable rotational speed r2 and rotation time t will vary 
according to the viscosity v of the resin PP or the rota- 
tion time t. For example, rf the viscosity v of resin PP is 
700 cps. the rotational speed r2 when the rotation time 
is 5 seconds is preferably 3000 to 3500 rpm. 
[0072] The resin PP between the lower substrate 6 
and upper substrate 9 moves to the outside circumfer- 
ence part of the substrates during the high speed rota- 
tion. The amount of resin PP that moves increases if the 
time t of high speed rotation increases or the rotational 
speed r2 increases, and a gap that is not filled with the 
resin PP can be formed at the inside circumference 
area between the lower substrate 6 and the upper sub- 
strate 9. The appearance of the disc 22 deteriorates as 
a result of such a gap. and the variation in resin layer 
thickness increases. 

[0073] The structure of the periphery of the boss 30 in 
the turntable 8 is shown in Fig. 8. Resin PP that has 
spread and protruded from the center hole of the lower 
substrate 6 or upper substrate 9 is collected by a suc- 
tion pump 32 through a suction port 31 provided in the 
boss 30. By using this mechanism, by suctioning the 
resin PP between the lower substrate 6 and upper sub- 
strate 9 by a force P (referred to as "inside circumfer- 
ence suction'') greater than the centrifugal force acting 
on the resin PP from the substrate center side due to 
the high speed rotation, it is therefore possible to sup- 
press excessive movement of the resin PP located on 
the inside circumference side of the substrates toward 
the outside circumference side of the substrates during 
the period of spinning the substrates 6 and 9 at high 
speed. 

[0074] After this high speed spinning is completed, the 
disc 22 is transported to the turntable 23 for a centering 
process for correcting offset between the centers of the 
lower substrate 6 and the upper substrate 9 by passing 
the disc 22 onto a boss 24 of a specific diameter. The 
offset between the centers of both substrates can be 
suppressed by this centering process to at most the dif- 
ference between the boss diameter and the center hole 
diameter of the lower substrate 6 and upper substrate 9. 
For example, rf the center hole diameter of both sub- 



strates is 1 5.070 mm and the diameter of the boss 24 is 
15.055 mm. the offset can be suppressed to 15 urn or 

less. 

[0075] Bubbles may become mixed with the resin 
s layer in the inside circumference part of the disc as a 
result of loads acting on the uncured resin layer during 
transportation and centering of the disc 22 after spread- 
ing the resin. These bubbles can be removed by repeat- 
ing the inside circumference suction by the turntable 23 

io (this is called "repeat suction" below). Protrusion of 
resin to the edge of the inside circumference hole of the 
disc 22 as a result of variations in the dropped resin vol- 
ume, and unfilled resin gaps between the substrates, 
can also be prevented by repeat suction. 

15 [0076] Using the UV irradiator 26. which is mounted 
on a transportation arm 25. for provisional bonding, 
ultraviolet ray is irradiated in spots at the inside circum- 
ference portion of the disc to harden the resin, and thus 
provisionally secure both substrates by locally bonding 

20 the lower substrate 6 and upper substrate 9 together. 
The alignment of the tower substrate 6 and upper sub- 
strate 9 will thereafter not slip, and the disc 22 can be 
transported while preventing introduction of bubbles into 
the inside circumference area. The boss 24 of the turn- 

25 table 23 in this case has the same structure as the boss 
30 shown in Fig. 8. Resin PP that has spread and pro- 
truded from the center hole of the lower substrate 6 or 
upper substrate 9 is collected by a suction pump 32 
through a suction port 31 formed in the boss 30. 

30 [0077] After the UV spot irradiation process is com- 
pleted, the disc 22 is transported to a pallet 27, and 
interposed between a glass lower straightening plate 28 
and glass upper straightening plate 29 to suppress the 
substrate from warping, and sent to the UV irradiation 

35 process. The straightening plates are more preferably 
made of a high UV transmittance material (such as 
quartz glass). In addition, the disc contact surface side 
of the lower straightening plate 28 and upper straighten- 
ing plate 29 preferably comprises surface protrusions 

40 such as stacking ribs, or is shaped along a step formed 
by the molding conditions between the clamping area 
surface and the signal area RS surface of the substrate, 
as a means of assuring the flatness of the laminated 
substrate surfaces. ^ 

45 [0078] The disc contact surface sides of the lower 
straightening plate 28 and upper straightening plate 29 
are also formed to straighten the clamping area, the out- 
side circumference area, or both the clamping area and 
outside circumference area, while avoiding the signal 

so areas RS1 and RS2 of the disc 22. As a result, it is pos- 
sible to prevent marring the substrate surface area cor- 
responding to the signal areas RS1 and RS2 of the disc 
22 as a result of foreign matter caught between the disc 
22 and both straightening plates. 

55 [0079] The process parts downstream of the primary 
laminating unit 33 are described next with reference to 
Fig. 5. After provisional bonding of the substrates (step 
#600) by the primary laminating unit 33, the disc 22 is 
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transported to the bonding unit 34 together with the pal- 
let 27. The disc 22 is irradiated with ultraviolet rays by 
the bonding unit 34 to cure the resin layer AS and 
thereby integrally bond the tower and upper substrates 
6 and 9. The bonding unit 34 Wows cooled air over the 
disc 22 to prevent the temperature of the disc 22 from 
rising as a result of the high temperature produced by 
heat from the UV lamp. 

[0080] if the curing of the resin PP at the outside cir- 
cumference edge of the disc 22 is insufficient the tilt of 
the disc 22 increases, and it is therefore necessary to 
ateo irradiate the edge with ultraviolet rays to suff icientty 
cure the resin PR Therefore, in order to guide the ultra- 
violet rays emitted from above or below the disc 22 to 
the outside circumference edge of the disc 22. a reflec- 
tor with the mirror surface thereof substantially parallel 
to the outside disc circumference edge is provided on 
the transportation pallet 27, surrountfng the outside cir- 
cumference of the disc 22. The material of the reflection 
mirror is preferably a mirror-finished aluminum with high 
UV reflectivity. 

[0081] After final curing by UV irradiation, the disc 22 
is sent to each inspection unit, and is inspected for tilt by 
the tilt inspection unit 35 using a suitable tilt inspection 
device (tor example, an SH3DL-12NE manufactured by 
Admon Science Corporation). The disc 22 is inspected 
for the presence and degree of flaws by the disc flaw 
inspection unit 36 using a suitable flaw inspection 
device (for example, a VCD120C manufactured by Dr. 
Schertk Co.). Using a laser focus displacement sensor 
(for example, an LT-800 manufactured by Keyence 
Corp) or other measuring device, the adhesive layer 
thickness inspection unit 37 measures the thickness D 
of the adhesive layer AS. The measured adhesive layer 
thickness D is then compared with a specific reference 
value to evaluate the quality of the optical disc recording 
medium, and judges whether the operating condition of 
the optical disc lamination manufacturing apparatus 
ODB is within a tolerance range in which operation can 
be corrected by adjusting the operating parameters, or 
whether there is an abnormal problem with operation 
that cannot be corrected by adjusting the operating 
parameters. If the optical disc recording medium is 
flawed, the finished disc recovery unit 38 separates the 
good and the flawed pieces, and recovers them to 
respective stacking pole. Note that of the flawed pieces, 
pieces identified by flaw inspection must be analyzed to 
determine the cause, and are therefore recovered sep- 
arately from the other flawed pieces. If correction is pos- 
sible, a parameter correction signal is generated and 
fed back to the primary laminating unit 33 for servo con- 
trol. If an abnormal problem is detected, an abnormal 
signal Sd is generated, and appropriate measures, such 
as stopping of the optical disc lamination manufacturing 
apparatus ODB, are taken. 
[0082] The structure of the boss 24 used in the center- 
ing process is described next with reference to Fig. 9 
and Rg. 1 0. Fig. 9 i6 a plan view of the boss 24, and Fig. 



10 is a typical illustration showing me disc 22 set on the 
turntable 23. Pin 39 is just long enough to simultane- 
ously contact the inside circumference edges of the 
tower and upper substrates 6 and 9. and the longitudinal 
5 axis of the pin 39 is disposed substantially parallel to the 
thickness direction of the lower and upper substrates 6 
and 9. Reference numeral 40 is an air cylinder, and 41 
is a pump capable of pumping air in and out During 
centering, air is sent by the pump 41 to cylinder 40. 
r0 thereby extending the cylinder 40 and pushing the pin 
39 in the direction of the outside circumference of the 
tower and upper substrates 6 and 9. The pin 39 aligns 
the edges of the lower and upper substrates 6 and 9. 
and aligns the centers of the substrates 6 and 9. The 
is same effect can be achieved by providing a pin with an 
equivalent means on the transportation arm 25 itself. It 
should be noted that while at least two pins 39 are 
needed, there are preferably three. By also providing 
the suction mechanism shown in Rg. 8 to the boss 24, 
20 the center offset can be substantially corrected while 
preventing introduction of bubbles into the adhesive 
layer AS. 

[0083] The adhesive layer AS can thus be locally 
cured to provisionally bond the disc 22 by locally irradi- 
25 ating ultraviolet rays to the adhesive layer AS of the cen- 
tered disc 22 white applying a specific suction force P1 
(mmHg) by means of boss 24 thus configured. How- 
ever, the inside circumference edge is preferably hard- 
ened tor provisional bonding. Moreover, if required, the 
ao outside circumference part of the adhesive layer AS is 
also irradiated to cure two locations, that is, at the inside 
circumference side and the outside circumference side. 
[0084] Next, with reference to Fig. 12. described is an 
application to optical disc manufacture using a printing 
35 method of servo control according to the present inven- 
tion where the optical disc recording medium quality 
and the operating condition of the optical disc lamina- 
tion manufacturing apparatus are detected based on 
the measured adhesive layer thickness D of the optical 
40 disc recording medium, and the operating conditions of 
the optical disc lamination manufacturing apparatus are 
changed based on the detected result. Description of 
the printing method and apparatus is omitted because 
these are known to public. Note that except for the 
45 processes specific to the adhesive coating method of 
the printing method described with reference to Fig. 1 1 
and Rg. 12. this method is basically identical to the 
above-described spin coating method. 
[0085] As previously described, the thickness of the 
so adhesive layer AS varies in the diametric direction by 
|D1 - D2| as a result of print coating. If the substrate 
diameter is DM. whether the substrate and the coating 
direction of the adhesive are parallel, that is, inclination 
6 therebetween, can be expressed by the following 
55 equation 5: 



tan 6 = |D1 - D2J/DM 



(5) 
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[0086] In addition, the relationship between adhesive 
layer thickness D and distance S between the screen 
SP and the substrate can be expressed by equation $ 
below: 

5 

D = a3 • V • S (6) 
where a3 is a coefficient 

[0087] in other words, to correct the thickness distri- 
bution (degree of parallelism) of the adhesive layer on a to 
substrate* correction angle A 6 for adjusting the relative 
angle between the screen SP and the substrate is cal- 
culated based on Equation 5 to generate a correction 
signal Sc. 

[0088] When the thickness distribution of the adhesive is 
layer is ignorabiy small, but correction of the thickness D 
itself is needed, AS is calculated based on Equation 6 to 
generate the correction signal Sc. 
[0089] By controlling the adhesive temperature to 
adjust the viscosity for each process when forming an 20 
adhesive layer between a first substrate and a second 
substrate and laminating the first substrate and second 
substrate to produce a disc, it is possible by means of 
the present invention to consistently manufacture discs 
with good appearance, and improve the operating effi- 25 
ciency of the manufacturing apparatus. 
[0090] In addition, when forming an adhesive layer 
between the first substrate and the second substrate 
and laminating the first substrate and second substrate, 
by suctioning the adhesive layer between the first sub- 30 
strate and second substrate from the inside circumfer- 
ence edge of the substrates after rotating the first 
substrate and second substrate bonded together at high 
speed to adjust the adhesive layer thickness, it is possi- 
ble by means of the present invention to consistently 35 
manufacture discs with good appearance free of inter- 
mixed bubbles. 

[0091] Moreover, when forming an adhesive layer 
between the first substrate and the second substrate 
and laminating the first substrate and second substrate. 40 
by correcting offset between the centers of the first sub- 
strate and the second substrate after rotating the first 
substrate and second substrate bonded together at high 
speed, the offset between the centers of the two lami- 
nated substrates can be easily suppressed with good 45 
precision. 

[0092] Furthermore, because mixing bubbles into the 
adhesive layer can be prevented in the present inven- 
tion, the present invention can be used with all types of 
discs, including single-sided, single-layer discs, double- so 
sided, single-layer discs, and configurations in which 
the laser must pass an adhesive layer such as in single- 
sided, double-layer discs. Because uniform thickness 
can be maintained at a particular radial position, the 
thickness at the same circurrtferentiaJ position can be 55 
held constant. 

[0093] in addition, according to the present invention, 
the optical disc recording medium quality and the oper- 
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ating condition of the optical disc lamination manufac- 
turing apparatus are detected based on the measured 
thickness Da of the adhesive layer thickness D of Are 
manufactured optical disc recording medium, and the 
servo control is performed for adjusting the operating 
conditions of the optical disc lamination manufacturing 
apparatus based on the detected result, and therefore 
optical discs having consistently stable quality can be 
manufactured even if the operating environment and 
other conditions vary. 

Industrial Applicability 

[0094] As described above, a laminated-type optical 
disc manufacturing method and manufacturing appara- 
tus therefor according to the present invention can 
assure the light transnrdttance of an adhesive layer, and 
therefore making it easier to achieve multiple layers in 
an optical disc recording medium. Moreover, the work- 
ing conditions of all processes can be automatically 
adjusted based on the adhesive layer thickness in a 
laminated optical disc, and the present invention is 
therefore suited to manufacture of optical discs with sta- 
ble quality. 

Claims 

1. A laminated optical disc manufacturing apparatus 
(ODB) for manufacturing an optical disc (OD) by 
laminating at least a first substrate (6) and a second 
substrate (9), said apparatus (ODB) comprising: 

adhesive coating means (100. 300. 400. 500) 
for coating an adhesive (PP) between said first 
and second substrates (6, 9) and forming an 
adhesive layer (CA, AS) having a specific thick- 
ness (Da); 

a layer thickness difference detection means 
(900) for obtaining a layer thickness difference 
(AD) between the specified adhesive layer 
thickness (Da) and a target adhesive layer 
thickness (D); and 

a control means (3000) for controlling said 
adhesive coating means (100, 300. 400, 500) 
based on the layer thickness difference (AD). 

2. The laminated optical disc manufacturing appara- 
tus (ODB) according to claim 1 , wherein said adhe- 
sive (PP) is a radiation cure resin. 

3. The laminated optical disc manufacturing appara- 
tus (ODB) according to claim 1 , wherein said adhe- 
sive (PP) is a thermoplastic resin. 

4. The laminated optical disc manufacturing appara- 
tus (ODB) according to claim 1 , wherein said con- 
trol means (3000) controls the adhesive coating 
means (100, 300, 400, 500) based on the layer 
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thickness difference ( AD ) when the target adhe- 
sive layer thickness (D) has a specific tolerance 
range (Dmin s D 5 Dmax). and when the layer thick- 
ness difference detection means (900) determines 
the measured adhesive layer thickness (Da) to be 
within the tolerance range (Dmin £ Da £ Dmax). 

5. The laminated optical disc manufacturing appara- 
tus (ODB) according to claim 1 . wherein said adhe- 
sive coating means (100, 300. 400, 500) comprises 
an adhesive supply means (100) for supplying 
adhesive (PP) controlled to have a first specific 
temperature (T); and wherein said adhesive supply 
means (100) comprises: 

an adhesive recovery means (11) for recover- 
ing adhesive (PP) unused in formation of said 
adhesive layer (AS) from said adhesive coating 
means (300, 400, 500); 
a filtration means (12) for filtering said recov- 
ered adhesive (PP) at a second specific tem- 
perature (T1) higher than the first specific 
temperature (T); and 

a defoaming means (13) for removing bubbles 
intermixed with the filtered adhesive (PP) at a 
third specific temperature (T2) that is higher 
than the first specific temperature (T). 

6. The laminated optical disc manufacturing appara- 
tus (ODB) according to claim 1, wherein said adhe- 
sive coating means (300, 400, 500) comprises: 

an annular coating means (300) for coating the 
adhesive (PP) at a first specific rotational 
speed (r1) onto a specific radial position on a 
first surface (RS1) of said first substrate (6). 
and forming an annular mound (CA) having a 
top edge of a narrow peak shape in cross sec- 
tion; 

a superposing means (400) for superposing 
said second substrate (9) on said first substrate 
(6), in contact with the top edge part of said 
annular mound (CA); and 
a spreading means (500) for integrally rotating 
said superposed first and second substrates 
(6, 9) at a second specific rotational speed (r2), 
and spreading said annular mound (CA) from 
said specific radial position toward an outside 
circumference to thereby form an adhesive 
layer (AS). 

7. The laminated optical disc manufacturing appara- 
tus (ODB) according to claim 6, further comprising 
a suction means (30) for suctioning said annual 
mound (CA) during the spreading operation with a 
first specific suction force (P). and stopping an edge 
part of the adhesive layer (AS) in the vicinity of said 
first specific radial position. 
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The laminated optical disc manufacturing appara- 
tus (ODB) according to claim 7. further comprising 
a provisional bonding means (600) for partly curing 
said adhesive layer (AS) to partially bond and provi- 
sionally fasten said first and second substrates (6, 
9; 22) after correcting offset between the centers of 
6aid first substrate (6) and said second substrate 
(9) while further suctioning the suctioned adhesive 
layer (AS) with a second specific suction force (PI). 

The laminated optical disc manufacturing appara- 
tus (ODB) according to claim 8, wherein a center 
hole (H) having a specific radius is opened in the 
center portions of said first and second substrates 
(6. 9; 22); and wherein 

said provisional bonding means (600; 24) com- 
prises at least two contact pins (39) of a length 
sufficient to contact simultaneously in a line 
with a circumferential edge or the center hole 
(H) side of said first and second substrates (6. 
9), where said contact pins are extended in 
substantially opposite directions to press 
against the center hole side edges of said first 
and second substrates (6, 9). 



10. The laminated optical disc manufacturing appara- 
tus (ODB) according to claim 9, wherein said provi- 
sional bonding means (#600. 24) cures the 

30 suctioned adhesive layer (AS) in proximity to the 
center hole (H) in said first and second substrates 
(6. 9). 

11. The laminated optical disc manufacturing appara- 
35 tus (ODB) according to claim 8, further comprising 

a bonding means (700) for curing all of the partially 
cured adhesive layer (AS), and bonding said first 
and second substrates (22) throughout the adhe- 
sive layer (AS). 

40 

12. The laminated optical disc manufacturing appara- 
tus (ODB) accoitfing to claim 8, further comprising 
a warping prevention means (26, 29) for holding 
provisionally bonded first and second substrates 

45 (22) at a partially bonded part thereof, and prevent- 
ing deformation of said provisionally bonded first 
and second substrates (22). 

13. The laminated optical disc manufacturing appara- 
so tus (ODB) according to claim 7, wherein said con- 
trol means (3000) controls said adhesive coating 
means (300, 400, 500) based on the following 
equation 

55 AD ■ a • P • V7r2 • t • T 

where A D is the layer thickness difference, a is a 
specific coefficient, P is a first suction force. V is an 
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amount in volume of the coated adhesive. r2 is a 
second specific rotational speed, t is a coating time, 
and T is a first specific temperature. 

14. A laminated optical disc manufacturing method for 5 
manufacturing an optical disc (OD) by laminating at 
least a first substrate (6) and a second substrate 
(9). said method comprising: 

a step (#1 00. #200, #300, #400. #500) of coat- 10 
ing an adhesive (PP) between said first and 
second substrates (6, 9) and forming an adhe- 
sive layer (CA, AS) of a specified thickness 
(Da); 

a step (#900) of obtaining a layer thickness dif- is 
ference ( A D) between the specified adhesive 
layer thickness (Da) and a target adhesive 
layer thickness (D); and 
a step (#1000, #3000) of adjusting the adhe- 
sive coating process (#100, #200, #300, #4O0. 20 
#500) based on said obtained layer thickness 
difference (AD). 

15. The laminated optical disc manufacturing method 
according to daim 14, wherein said adjustment 25 
step (#1000) adjusts the adhesive coating process 
(#100, #200, #300, #400, #500) based on said layer 
thickness difference ( AD ) when the target adhe- 
sive layer thickness (D) has a specific tolerance 
range (Dmin <> D <, Dmax) and when the layer thick- 30 
ness difference detection step (#900) determines 
the measured adhesive layer thickness (Da) to be 
within said tolerance range (Dmin <. Da <. Dmax). 

16. The laminated optical disc manufacturing method 35 
according to claim 14, wherein said adhesive coat- 
ing step (#100, #300, #400, #500) comprises an 
adhesive supply step (#100, #200) of supplying 
adhesive (PP) controlled to have a first specific 
temperature (T), and recovering adhesive (PP) not 40 
used in formation of said adhesive layer (AS) in an 
adhesive coating step (#300. #400, #500); and 



coating step (#300) for coating the adhesive (PP) at 
a first specific rotational speed (r1) onto a specific 
radial position on a first surface (RS1) of said first 
substrate (6). and forming an annular mound (CA) 
having a top edge of a narrow peak shape in cross 
section; 

a superposing step (#400) of superposing said 
second substrate (9) on said first substrate (6). 
in contact with the top edge part of said annular 
mound (CA);and 

a spreading step (#500) of integrally rotating 
said superposed first and second substrates 
(6, 9) at a second specific rotational speed (r2), 
and spreading said annular mound (CA) from 
said specific radial position toward an outside 
circumference to thereby form an adhesive 
layer (AS). 

18. The laminated optical disc manufacturing method 
according to daim 17, further comprising a suction 
step for suctioning said annual mound (CA) during 
the spreading process with a first specific suction 
force (P). and stopping an edge part of the adhe- 
sive layer (AS) in the vicinity of said first specific 
radial position. 

19. The laminated optical disc manufacturing method 
according to claim 18, further comprising a provi- 
sional bonding step (#600) for curing said adhesive 
layer (AS) in part to partially bond and provisionally 
fasten said first and second substrates (6, 9; 22) 
after correcting offset between centers of said first 
substrate (6) and said second substrate (9) while 
further suctioning the suctioned adhesive layer 
(AS) with a second specific suction force (p1). 

20. The laminated optical disc manufacturing method 
according to claim 19. wherein a center hole (H) 
having a specific radius is opened in the center por- 
tions of said first and second substrates (6, 9; 22); 
and wherein 



said adhesive supply step (#100. #200) com- 
prises 45 

a filtration step of filtering said recovered 
adhesive (PP) at a second specific temper- 
ature (T1 ) higher than the first specific tem- 
perature (T) ; and so 
a defoaming step of removing bubbles 
intermixed with the filter ed adhesive (PP) 
at a third specific temperature (T2) higher 
than the first specific temperature (T). 

55 

17. The laminated optical disc manufacturing method 
according to claim 14, wherein said adhesive coat- 
ing step (#300. #400. #500) comprises an annular 



said provisional bonding step (#600) simulta- 
neously contacts at least two places in one line 
respectively positioned in substantially oppo- 
site directions on a circumferential edge on the 
center hole (H) side of said first and second 
substrates (6. 9). 

21. The laminated optical disc manufacturing method 
according to claim 20, wherein the provisional 
bonding step (#600) cures the suctioned adhesive 
layer (AS) in proximity to the center hole (H) in said 
first and second substrates (6. 9). 

22. The laminated optical disc manufacturing method 
according to claim 19, further comprising a bonding 
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step (#700) for curing all of partially cured adhesive 
layer (AS), and bonding said first and second sub- 
strates (22) throughout adhesive layer (AS). 

23. The laminated optical disc manufacturing method 
according to claim 19, further comprising a warping 
prevention step for holding provisionally bonded 
first and second substrates (22) at a partially 
bonded part thereof, and preventing deformation of 
the provisionally bonded first and second sub- 
strates (22). 
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24. The laminated optical disc manufacturing method 
according to claim 18, wherein the control step 
(#100) adjusts said adhesive coating process is 
(#300, #400, #500) based on the following equation 

AD = a • P • V/r2 • t • T 



where A D is the layer thickness difference, a is a 
specif ic coefficient, P is a first suction force. V is an 
amount in volume of the coated adhesive, r2 is a 
second specific rotational speed, t is a coating time, 
and T is a first specific temperature. 

25. A laminated optical disc manufacturing apparatus 
(ODB) for manufacturing an optical disc (OD) by 
laminating at least a first substrate (6) and a second 
substrate (9), said apparatus (ODB) comprising: 

adhesive coating means (100, 300, 400, 500) 
for coating an adhesive (PP) between said first 
and second substrates (6. 9) and forming an 
adhesive layer (CA, AS) having a specific thick- 
ness (Da); 

an adhesive supply means (100) for supplying 
the adhesive (PP) controlled to have a first spe- 
cific temperature (T) to said adhesive coating 
means (300, 400, 500); and 
a defoaming means (13) for removing bubbles 
intermixed with the adhesive (PP) at a second 
specific temperature (T2) that is higher than the 
first specific temperature (T). 
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sional bonding means (600) for curing said suc- 
tioned adhesive layer (AS) in part to partially bond 
and provisionally fasten said first and second sub- 
strates (6, 9; 22). 

2a A laminated optical disc manufacturing apparatus 
(ODB) for manufacturing an optical disc (OD) by 
coating an adhesive (PP) and forming an adhesive 
layer (AS) of a specific thickness (Da) between at 
least two substrates (6. 9) having a center hole (H) 
of a specific radius opened in centers thereofby. 
said apparatus (ODB) comprising: 

a centering means (24) having at least two con- 
tact pins (39) of a length sufficient to contact 
simultaneously in a line with a circumferential 
edge on the center hole (H) side of said two 
substrates (6, 9), and correcting center offset 
between said first and second substrates (6, 9) 
by extending said contact pins in substantially 
opposite directions to press against the center 
hole side edges of said first and second sub- 
strates (6, 9). 

29. The laminated optical disc manufacturing method 
according to claim 28, further comprising a provi- 
sional bonding means (600) for partially curing the 
adhesive layer (AS) between said centered first and 
second substrates (6. 9; 22) to partially bond and 
provisionally fasten said first and second substrates 
(6, 9; 22). 



35 



40 



26. A laminated optical disc manufacturing apparatus 45 
(ODB) for manufacturing an optica) disc (OD) by 
coating an adhesive (PP) between at least a first 
substrate (6) and a second substrate (9) and form- 
ing an adhesive layer (AS) of a specific thickness 
(Da), said apparatus (ODB) comprising: so 

a suction means (30) for suctioning the adhe: 
sive layer (AS) formed between the first and 
second substrates (6, 9) with a first specific 
suction force (P). 55 

27. The laminated optical disc manufacturing method 
according to claim 26, further comprising a provi- 
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